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The heat sink has a heat sink body (1) made of 
a good heat conductive material and a fan 
assembly (2) installed inskle the heat sink body. 
The heat sink body is efficiently air-cooled by a 
cooling air generated by the rotation of the fan 
assembly. The cooling air forcibly cools a bas e 
and a fixing wall of the base adiacenTio the heat 
pnxlucing element^ and plate-Iike radiating fins 
of"TST)TrT-TiK3r?^^ fins are protaided on the 
heat sink body to radiate the heat effectively. 
The position of the fan assembly is as the center 
of the heat sink body or is at the offset position 
from the center of the heat sink body. The heat 
sink of the present invention can be .installed in 
a portabl^ jBleg^tllon ic apparatus such^s a j )Oft-^ 
a ble oonipute r. 
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BACKGROUND OF THE INVENTION 
1. Field of the invention 



the device increases above the operating tempera- 
ture. 

As a countermeasure to this, a heat sink for cool- 
ing the element is mounted on the device producing 
a large quantity of heaL The heat sink is usually made 
of a material having a good heat conductivity such as 
aluminum, and a set of radiating fins are disposed on 
the upper face of the heat sink. The heat sink is used 
in circumstances where cooling air is forcibly flowing 
and is adhered or mounted with pressure on the heat 
producing element, and the heat produced at the ele- 
ment is transferred to the heat sink and absorbed by 
its body or dissipated by the flowing air. 

However, when the amount of heat produced by 
the element increases, it is necessary to increase the 
flowing speed of the cooling air around the element 
for increasing a cooling efficient, thereby it is required 
to use a powerful fan. The powerful fan generally re- 
quires an increase in the size of the fan or an increase 
in the rotational speed of the fan, thereby causing an 
increase in the space for the powerful fan or an in- 
crease in the noise generated by the powerful fan, as 
a result 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide 
a heat sink that can realize an efficiently cooling of a 
heat producing element without increasing the pack- 
aging space thereof. 

According to one aspect of the present invention, 
a fan assembly is disposed inside a heat sink body 
made of material having a good heat conductivity, so 



that a fixing wall of the heat sink body positioned ne 
to the heat producing element is forcibly cooled by the 
cooling air generated by the rotation of the fan assem- 
bly during the operation of the heat producing ele- 
ment 

According to another aspect of the present inven- 
tion, a flowing route of the cooling air generated by 
the rotation of the fan assembly becomes very effi- 
cient for cooling the heat sink body by modifying the 
shape of a top plate of the heat sink body, the shape 
of a radiating fin of the heat sink body, or the installing 
position of the fan assembly, thereby the cooling ef- 
ficiency of the fixing wall of the heat sink body is in- 
creased within a limited inside space of the electronic 
apparatus. 

Further, according to the present invention, it is 
possible to install the heat sink in a portable electronic 
apparatus having a limited internal space, such as a 
portable personal computer or the like, by modifying 
the top plate or the cover of the heat sink body. 

In this way, the heat sink of the present invention 
realizes a efficient cooling of the heat producing ele- 
ment in a limited small space. Further, the manufac- 
turing of the heat sink body becomes easy when the 
heat sink body is assembled by combining the base 
and the cover. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly under- 
stood from the description as set forth below with ref- 
erence to the accompanying drawings, wherein: 
Fig. 1 is a prior art structure of a heat sink; 
Fig. 2 is a perspective assembly diagram showing 
a structure of the heat sink according to a first 
embodiment of the present invention; 
Fig. 3 is a perspective view of the assembled heat 
sink in Fig. 2; 

Fig. 4A is a sectional view of the heat sink in Fig. 
40 3 showing an air flow of a cooling air; 

Fig. 4B is a plan view of the heat sink in Fig. 3; 
Fig, 5 is a perspective assembly diagram showing 
a structure of the heat sink according to a second 
embodiment of the present invention; 
45 Fig. 6 is a perspective view of the assembled heat 

sink in Fig. 5; 

Fig. 7 is a plan view of the heat sink in Fig. 6 show- 
ing an air flow of a cooling air 
Fig. 8 Is a perspective assembly diagram showing 

50 a structure of a cover and a base of the heat sink. 

and a manner of assembling according to a third 
embodiment of the present invention; 
Fig. 9A is a plan view of the assembled heat sink 
having the cover and the base in Fig. 8; 

55 Fig, 9B is a sectional view taken on line B-B in Fig. 

9A; 

Fig. 10 is a bottom view of the assembled heat 
sink having the cover and the base in Fig. 8; 



The present invention relates to a heat sink for 5 
cooling a heat producing element by being mounted 
on the top face thereof, especially, the present inven- 
tion relates to the heat sink having a fan assembly at- 
tached inside of its body and forcibly cooling a heat 
producing element with a cooling air generated by the ro 
rotation of the fan assembly. 

2. Description of the Related Art 

Among electronic devices, such as transistors is 
and integrated circuits, it is not necessary for a device 
consuming a small quantity of current to radiate of 
heat produced therein, since the amount of heat pro- 
duced therefrom is small. On the contrary, devices 
handling a large quantity of current, such as power 20 
transistors and integrated circuits for power amplifiers 
in audio equipment or a current booster in a constant 
voltage circuit, a large amount of power turns to heat 
in accordance with the operating :_state thereof and 
the devrce may break down when the temperature of 25 
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Fig. 11 is a sectional view showing a structure of 
the heat sink according to a fourth embodiment 
of the present invention: 

Fig. 12A is a side view of the heat sink in Fig. 11 ; 5 
Fig. 12B is a plan view of the heat sink in Fig. 11; 
Fig. 13 is a perspective assembly diagram show- 
ing a modified structure of a cover and a base of 
the heat sink in Fig. 8, and a manner of assem- 
bling according to the third embodiment of the io 
present invention; 

Fig, 1 4A is a plan view explaining a manner of as- 
sembling the cover on the base in Fig. 13; 
Fig. 14B is a side view of the base in Fig. 1 3; 
Fig. 1 5 is a perspective assembly diagram show- is 
ing another modified structure of a cover and a 
base of the heat sink in Fig. 8, and a manner of 
assembling according to the third embodiment of 
the present invention; 

Fig. 1 6A is a plan view explaining a manner of as- 20 
sembling the cover on the base in Fig. 15; 
Fig. 168 is a side view of the cover in Fig. 15; 
Fig. 17A is a perspective view of the cover in Fig. 
8 having a plurality of grooves crosswisely exca- 
vated on the top face; 25 
Figs. 17B and 17C are enlarged sectional views 
showing other shapes of the groove in Fig. 17A; 
Fig.18A is an explanatory view showing an air 
flow condition of the cooling air when the cover 
has grooves on the top face; 30 
Fig. 188 is an explanatory view showing an air 
flow condition of the cooling air when the cover 
has no grooves on the top face; 
Fig. 19Ais a plan view of the cover in Fig. 8 having 
a plurality of grooves radially excavated on the 35 
top face thereof; 

Fig. 1 98 is an enlarged perspective view of a part 
Xin Fig. 19A; 

Fig. 20A is a plan view of the cover in Fig. 8 having 

a plurality of radiation pins on the top face there- 40 

of; 

Fig. 208 is a side view of the cover in Fig. 20A; 
Fig. 21 is a perspective assembly diagram show- 
ing a structure of a cover and a base of the heat 
sink, and a manner of assembling according to a 45 
fifth embodiment of the present invention where- 
in radiation pins are disposed on the bottom face 
of the cover; 

Fig. 22 is a perspective plan view of the assem- 
bled heat sink having the cover and the base in so 
Fig. 21; 

Fig. 23A is an explanatory view showing an air 
flow condition of the cooling air when the cover 
has no radiation pins on the bottom face thereof; 
Fig. 238 is an explanatory view showing an air 55 
flow condition of the cooling air when the cover 
has the radiation pins on the bottom face thereof; 
Fig. 24A is a diagram showing a wind speed dis- 
tribution when the cover has the radiation pins on 



the bottom face thereof in comparison with the 
same when the cover has no radiation pins on the 
bottom face thereof; 

Fig. 248 is a diagram showing a characteristic be- 
tween a wind speed and a heat resistance; 
Fig. 25 is a perspective assembly diagram show- 
ing a structure of a cover and a base of the heat 
sink, and a manner of assembling according to a 
sixth embodiment of the present invention where- 
in a fan assembly is disposed offset to one of the 
side of the heat sink; 

Fig. 26 is a perspective plan view of the assen> 
bled heat sink having the cover and the base in 
Fig. 25; 

Fig. 27 is a perspective assembly diagram show- 
ing a structure of a cover and a base of Ihetieat 
sink, and a manner of assembling according to a 
seventh embodiment of the present invention 
wherein a fan assembly is disposed offset to one 
of the corner of the heat sink; 
Fig. 28 is a plan view of the assembled heat sink 
having the cover and the base in Fig. 27; 
Fig. 29 is a partially cutaway view in perspective 
of a modified embodiment of the base in Fig. 27, 
wherein a space is provided by excavating an up- 
per bottom face of the base under the position of 
the fan assemly; 

Fig. 30Ais a plan view showing a modification of 
the base in Fig. 27 wherein a distribution of the 
radiation pins are changed; 
Fig. 308 is a sectional view taken on line Y-Y in 
Fig, 30A; 

Fig, 31A is a plan view showing a modified em- 
bodiment of the cover according to the seventh 
embodiment of the heat sink in Fig. 27; 
Fig, 318 is a side view of the cover in Fig. 31 A; 
Fig. 32A is an explanatory view showing one ex- 
ample of a manner of mounting the heat sink on 
the heat producing element; 
Fig. 328 is an explanatory view showing another 
exampleof a manner of mounting the heat sink on 
the heat producing element; 
Fig, 33A is a partial plan view showing a base 
mounted on the heat producing element by using 
a heat sink fixture; 

Fig. 338 is a partial side view of the base of the 
heat sink and the heat producing element in Fig, 
33A fixed by the fixture; 

Fig. 33C is a perspective view showing a struc- 
ture of the heat sink fbcture in Figs. 33A and 338; 
Figs. 33D to 33F are perspective views showing 
other embodiments of the heat sink fixture; 
Fig, 34 is an explanatory side view showing a 
structure for supplying electricity to the fan as- 
sembly according to one embodiment of the pres- 
ent invention; 

Fig. 35 is an explanatory side view showing a 
structure for supplying electricity to the fan as- 



3 



5 



EP 0 572 326 A2 



6 



sembly according to another embodiment or the 
present invention; 

Fig. 36 is a block diagram showing a fan assem- 
bly controller according to one embodiment of the 5 
present invention; 

Fig, 37 is a sectional view showing a temperature 
detecting structure of the heat sink according to 
one embodiment of the present invention; 
Fig. 38 is a block diagram showing a fan assem- 10 
biy controller according to another embodiment 
of the present invention; 

Fig. 39 is a block diagram showing a fan assem- 
bly controller according to an other embodiment 
of the present invention; rs 
Figs. 40A and 40B are charts showing a different 
rotational speed control characteristic of the fan 
assembly; 

Fig. 41 is an application of the heat sink according 

to the present invention disposed in a portable 20 

electronic apparatus; 

Fig. 42 is an explanatory side view showing a 
mounted condition of the heat sink on the heat 
producing element in Fig. 41; and 
Fig. 43 is a partially cutaway ptan view showing 25 
a structure of a keyboard assembly in Fig. 41, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 

Before describing the preferred embodiments, an 
explanation will be given of the conventional heat 
sink. 

Figure 1 shows a conventional heat sink accord- 
ing to a prior art. for cooling a high temperature heat 35 
producing element The heat sink H is made'of mate- 
rial such as aluminum having a good heat conductiv- 
ity. The top face of the heat sink H has a set of radi- 
ating fins 6 shaped like a comb. The heat sink H is 
mounted to the surface of a heat producing element 40 
3 by adhesion or pressure, and is used in the circum- 
stance where a cooling air 10 is forcibly passed 
through the heat sink H. Heat produced by the ele- 
ment 3 is transferred to the heat sink H and is absor- 
bed by it body or dissipated by the cooling air 10. 45 

However, when the quantity of heat produced by 
the heat producing element 3 rises in the convention- 
al heat sink, the flow rate of air around the heat sink 
H must be increased, thereby requiring a powerful 
fan. 50 

The powerful fan generally requires a large size 
fan blade or a high rotational speed. This results in in- 
creasing a fan installation space and noise. 

Preferred embodiments of the present invention 
will be explained in detail with reference to attached 55 
drawings. 

Figures 2 to 4B show a heat sink H according to 
the first embodiment of the present invention. The 
heat sink H comprises a heat sink body 1 made of ma- 



terial such as aluminum having a good heat conduc- 
tivity, and a fan assembly 2 such as a microfan for air- 
cooling the heat sink body 1. 

The top of the heat sink body 1 is rectangular. The 
heat sink body 1 comprises a fixing wall 4 whose back 
is mounted on a heat producing element 3 with proper 
means described later, and a top plate 29 supported 
by upright rectangular bars 7a protruding from four 
corners of the fixing wall 4. respectively. Ventilation 
paths 5 are formed between the top plate 29 and the 
fixing wall 4 and open to the sides of the heat sink H. 

The center of the top plate 29 has a circular hole 
serving as a fan receiving recess 30 with the fixing 
wall 4 serving as the bottom thereof. Aset of radiating 
fins 6 shaped like a comb are formed over the top 
plate 29 and a set of radiating fins 4a also shaped like 
a comb are formed over the facing wall 4. The-f ixing 
wall 4 and top plate 29 may be separate parts as 
shown in Figs. 2 and 3, or be prepared as an integrat- 
ed part, (not shown). 

The fan assembly 2 comprises a drive 2b such as 
a fan motor disposed in center and a fan blade 2a 
fixed to a rotary shaft of the fan motor 2b. The fan as- 
sembly 2 is disposed in the recess 30. The fan assenv 
bly 2 may be prefabricated and attached to the top 
plate 29 or to the fixing wall 4. Alternatively, a stator 
of the motor 2a may be integral with the fixing wail 4. 
The fan assembly 2 may blow air toward the fixing 
wall 4, or draw air from the ventilation paths 5. 

Figures 5 to 7 show a heat sink H according to the 
second embodiment of the present invention. The top 
of the heat sink H has four rectangular sections. A di- 
agonally facing pair among the four sections is 
opened with square openings 29a, and the other pair 
is closed with lids 29b. Comb-like radiating fins 4a are 
formed over the fixing wall 4, and the center of fixing 
wall 4 has a circular recess 4b for receiving the fan as- 
sembly 2. Note that the lids 29b are shown in Fig. 7 
with hatching. Side walls are extended from the top 
plate 29 along the periphery of a fbcing wall 4. A pair 
of corners corresponding to the dosed sections with 
the lids 29b have each an opening 29c which opens 
into an internal ventilation path 5, and another pair of 
corners corresponding to the open sections with the 
openings 29a have each a side wall 29d. 

According to the heat sink H of the second enrv 
bodiment constructed above, cooling air 10 is forcibly 
drawn through the openings 29a of the top plate 29 
to cool the fixing wall 4 as indicated with arrow marks 
in the Fig. 7, The air is then discharged from the ven- 
tilation paths 5 through the openings 29c. The heated 
discharged air ascends along the side wails of a heat 
sink body 1. This ascending heated air, however, nev- 
erre-enters the heat sink body 1 because the top face 
of the top plate 29 above the opening 29c is dosed 
with the lid 6. This results in improving an overall cool* 
ing effect. 

Figures 8 to 10 show a heat sink H according to 
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a third embodiment of the present invention. In this 
embodiment, a heat sink body 1 comprises a base 7 
and a cover 8 that are made of material such as alu- 
minum having a good heat conductivity. 

The top of the base 7 is rectangular. The base 7 
has a set of radiating fins 6 shaped like pins disposed 
upright around a center space where a fan assembly 
2 is disposed, and bars 7a protruding from four cor- 
ners of the base 7, respectively. The top of each bar 
7b has a threaded hole 31. and the cover 8 is fixed 
to the bars 7b with screws 32 engaging with the 
threaded holes 31. Alead hole 33 and a lead groove 
33a are formed at the bottom of the base 7 as shown 
in Fig. 8 and 1 0. A lead 34 from the fan assembly 2 is 
guided through the lead groove 33a after penetrated 
through the lead hole 33 and is connected to a pad 
of a printed board 17. 

The top shape of the cover 8 is identical to that 
of the base 7. At each corner of the cover 8, a screw 
hole 8b is formed to pass the screw that engages with 
the threaded hole 31 of the base 7. 

The covers has a center hole 8a for receiving the 
fan assembly 2 having a fan blade 2a. The periphery 
of the hole 8a is extended to focm a vertical partition 
9. The partition 9 surrounds the fan blade 2a when 
the cover is fixed on the base 7, to increase the static 
pressure of cooling air 10 produced by the fan blade 
2a. 

Figures 11 to 12B show a heat sink H according 
to a fourth embodiment of the present invention. In 
this embodiment, the fan assembly 2 is mounted on 
the bottom face of the cover 8 to prevent a rise of tenv 
perature by the heat conducted from the heat produc- 
ing element 3 via the base 7 and to prolong the life of 
the fan motor 2b. 

The cover 8 has a fan fbcing part 35 at the center 
part of the bottom face thereof, and the fan assembly 
2 is fixed by hanging from the fan fixing part 36. The 
fan assembly 2 is press fitted to the fan fixing part 35 
in this embodiment. The fan assembly 2 comprises a 
stator 36 having a coil 36a on the outer surface, a 
shaft 38 vertically disposed at the center of the rotor 
36 with a bearing 37, a rotor 39 fixed on the shaft 38 
and having magnets 39a on the inner surface of the 
wail and fan blades 2a on the outer surface of the 
wall, and a printed circuit board 40 to which a lead 34 
is connected. 

In Fig. 11, reference numerals 39b denotes a ring 
yoke. 36b denotes a yoke. 38a denotes a cut washer 
disposed on the shaft 38, and 38b denotes a spring 
for pressing the shaft 38 to the upper direction. Also 
in Fig. 11. 12A. and 12B, reference 41 denotes a 
opening for cooling air 10. When cooling air 10 is 
drawn from the opening 41 as shown by an arrow in 
Fig, 12A. and is discharged from the side wall of the 
base 7, it is desirable to form a round corner R on the 
top end of the partition 9. The round corner R makes 
the speed of the drawing air constant and decrease 



the generation of the noise due to the turbulent flow 
generated by the sharp edge. 

Next, the manner of fixing the cover 8 on the 
5 base 7 will be explained hereinafter. One example to 
fix the cover 8 on the base 7 is to use screws 32 as 
explained before. Other examples to fix the cover 8 
on the base 7 are shown in Figs. 1 3 to 14B and in Figs. 
15 to 168. 

10 In the embodiment shown in Figs. 13 to 148, a 

fastening pin 11 having a head 11a is disposed on 
each of the top faces of the bars 7a protruding from 
four corners of the base 7. Correspondingly, a fasten- 
ing hole 12 is disposed at each of the four corners of 

15 the cover 8, and a side of the fastening hole 12 is 
open to the edge of the cover 8 through the guide 
channel 12a. The guide channel 12a has a narrow 
part 12b. 

In this embodiment, the cover 8 is set on the base 
20 7 with entrances of the guide channels 1 2a facing the 
fastening pins 11 as shown by dotted line in Fig. 14A 
at first. Then the cover 8 is rotated to a direction indi- 
cated by an arrow in Fig. 14A and the pin 11 is led to 
be fastened in the hole 12 after guided by the guide 
25 channel 12a and passed through the narrow part 
12b. In this way, the cover 8 is fixed on the base 7. 

In the emt>odiment shown in Figs. 15 to 168. each 
of the bars 7a protruding from four corners of the 
base 7 has a circular arc convex face 13 and a guide 
30 groove 14 at an upper part thereof. The guide groove 
14 is cut at the base part of the circular arc convex 
face 13. A center of each circular arc convex face 13 
corresponds to the center of the base 7. A hollow 
notch 13a is disposed on the middle part of each cir- 
35 cular arc convex face 13. A curvature of the groove is 
smaller than that of the circular arc convex face 13 
and a center of each groove 14 corresponds to the 
center of the base 7. 

Correspondingly, a projection 42 shaped like a 
40 triangle, is disposed at each bottom face of the four 
corners of the cover 8 as shown in Fig. 15. The pro- 
jection 42 has a circular arc concave face 15 and a 
fastening segment 16. The fastening segment 16 is 
protruded at the free edge of the circular arc concave 
45 face 15. A curvature of the fastening segment 16 is 
smaller than that of the circular arc concave face 15 
and a center of each fastening segment 16 and a cen- 
ter of each circular arc concave face 15 correspond 
to the center of the cover 8. 
50 The circular arc concave face 15 faces to the cir- 

cular arc convex face 13, and the fastening segment 
16 faces to the guide groove 14 when the cover 8 is 
fixed on the base 7. Further, a protruding portion 15a 
for fitting the hollow notch 13a of the base 7 is dis- 
ss posed on the middle part of each circular arc concave 
face 15. 

In this embodiment, the cover 8 is set on the base 
7 with its protruding portion 15a engaged to the guide 
groove 14 of the base 7 as shown by dotted line in Fig. 
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1 6A at first. Then the cover 8 is rotated to a direction 
indicated by an arrow In Fig. 16Aand the protruding 
portion 15a is led to be fastened in the hollow notch 
13a after sliding on the circular arc convex face 13. 5 
In this way, the cover 8 is fixed on the base 7. 

When an obstacle such as a printed board is dis- 
posed over the heat sink H as constructed above and 
upper space of the cover 8 is very narrow, the air flow 
to the cooling air to the fan assembly 2 or from the fan io 
assembly 2 is reduced due to an increase an air pres- 
sure loss, thereby decreasing the cooling capacity of 
the fan assembly 2 since the amount of air flowing to 
or from the fan assembly decreases. 

Figure 1 7A to 20 are examples of the structure of 15 
the cover 8 when the heat sink H is uses in the above 
mentioned condition. 

The cover 8 shown in Fig. 17A has cooling 
grooves 8c cut crosswise on the top face thereof 
across the recess 8a. The cross section of the cooling 20 
grooves 8c in this embodiment is rectangular and 
each of the cooling grooves 8c is laid between the op- 
posite sides of the cover 8, Note that-the shape of the 
cross section of the grooves 8c is not limited by rec- 
tangular. The other usable shape of the grooves 8c 25 
are, for example, a V shape as shown in Fig. 17B or 
a U shape as shown in Fig. 17C, The cooling grooves 
8c disposed on the upper face of the cover 8 can in- 
crease a space of the upper area of the cover 8, 

Figure 18A shows an air flow of the upper space 30 
of the cover 8 having grooves 8c as shown in Fig. 
17A, and Fig. 18B shows an air flow of the upper 
space of the cover 8 having no grooves 8c when a 
shielding member M is disposed overthecover 8. The 
heat sink 8 having no grooves 8c on the top face of 35 
the cover 8 as shown in Fig. 18B is cooled only by the 
cooling air 1 0, Contrary to this, the heat sink 8 having 
grooves 8c on the top face of the cover 8 as shown 
in Fig. 18A is cooled not only by the cooling air 10 but 
a new cooling air 10' flowing in the grooves 8c. As a 40 
result, heat conducted from the bar 7a supporting the 
cover 8 is efficiently dissipated from the heat sink H 
by the cooling air 10' flowing in the grooves 8c on the 
top face of the cover 8. In this way the grooves 8c as- 
sists cooling the cover 8, 45 

Figure 1 9A is a plan view of the cover 8 showing 
another example having a plurality of grooves 8c on 
the top face thereof, and Fig. 1 98 is an enlarged per- 
spective view of a part X in Fig. 19A. In Fig. 19A, The 
grooves 8c are cut on the top face of the cover 8 ra- so 
dtally from the center of hole 8a for receiving the fan 
assembly 2. The sectional shape of the grooves 8c in 
this embodiment is V, but the shape thereof is not lim- 
ited by this embodiment. The sectional shape of the 
8c may rectangular or U, as explained before. 55 

Figure 20A is a plan view of the cover 8 showing 
other example having a plurality of radiating pins 8d 
on the top face thereof, and Fig. 20B is a side view of 
the cover 8 in Fig. 20A. The radiating pins 8d in this 



embodiment is formed by decreasing the thickness of 
the cover 8 making the total thickness of the cover 8 
equal to that of the cover 8 in Fig. 8. 

The cover 8 is cooled effectively by forming the 
radiating pins 8d on the top face thereof decreasing 
the thickness of the cover 8 instead of excavating the 
cooling grooves 8c thereon. As a result, heat conduct- 
ed from the bar 7a supporting the cover 8 is efficiently 
dissipated by the cooling air 10* flowing among the 
pins 8d on the top face of the cover 8. In this way the 
radiating pins 8d assist the cooling of the cover 8. 

The cover 8 having the cooling grooves 8c or the 
radiating pins 8d is effectively cooled by the addition- 
al cooling air 10' when the cover 8 is disposed in the 
condition where a littie space is kept over the heat 
sink H by enlarging the space by the grooves 8c or 
the pins 8d. Though this effect is small when the cov- 
er 8 having the cooling grooves 8c or the radiating 
pins 8d is disposed in the condition where a large 
space is kept over the heat sink H. 

Figure 21 is a perspective assembly diagram 
showing a structure of a cover 8 and a base 7 of the 
heat sink H. and a manner of assembling according 
to a fifth embodiment of the present invention. The 
heat sink H in this embodiment uses the same base 
7 explained as the third embodiment in Fig. 8, but the 
cover 8 is different from the third embodiment. The 
cover 8 in this embodiment has radiating pins 8e on 
the bottom face thereof, though the the bottom face 
of the third embodiment is flaL 

The radiating pin 8e in this embodiment is a cir- 
cular pole and the diameter thereof is half the width 
of the radiating fin 6 projected on the base 7. How- 
ever, the shape of the radiating pin 8e is not limited 
by the circular pole. The radiating pin 83 may be a tri- 
angular pole or a square pole. The positions of the ra- 
diating pins 8e on the cover 8 are shown in Fig. 22. 
The radiating pins 8e projected into the center of the 
space surrounded by the radiating fins 6 when the 
cover 8 is fixed on the base 7 by the screws 32. 

Figures 23A and 23B show a difference of an air 
flow of the cooling air 10 between the cover 8 having 
radiating pins 8e and having no radiating pins 8e on 
the bottom face thereof. The cooling air 10 flows 
straight passing a side face of the radiating fin 6 when 
no pins are disposed therebetween as shown in Fig. 
23A. Contrary to this, when the pins 8e are disposed 
between the radiating fins 6, an airflow ofthe cooling 
air 1 0 is diffused by the radiating pin 8e and is passing 
not only a side face but also a front and a back faces 
of the radiating fin 6 as shown by reference 1 0" in Fig. 
238. 

Figure. 24A is a diagram showing an air flow 
speed and an air flow disbibution characteristic. In 
Fig. 24A, black circles show the characteristic when 
the cover 8 has no radiating pins on the bottom face 
thereof, and black squares show the characteristic 
when the cover 8 has the radiating pins 8e on the bot- 
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torn face thereof. 

Figure. 24B is a diagram showing the relationship 
between airflow speed and thermal resistance. As is 
shown in Fig. 24B. an increment A Rja of the thermal 
resistance Rja per unit voltage A V becomes smaller 
in accordance with the increment of the air flow 
speed. Accordingly, cooling efficiency will be in> 
proved by distributing the cooling air 10 from the area 
where a high speed cooling air is flowing to the area 
where a low speed cooling air is flowing. 

In this way, the air flow distribution of the cooling 
air 10 becomes diffuse and the air flow speed at the 
center part is decreased in the heat sink H of the fifth 
embodiment having the radiating pins 8d on the bot- 
tom face of the cover 8, as compared with the heat 
sink H having no radiating pins on the bottom face of 
the cover 8. As a result, an airflow speed of the cool- 
ing air 1 0 is increased at the side part of the heat sink 
H, thereby a cooling efficiency of the heat sink H of 
the fifth embodiment is increased. 

Figure 25 is a perspective assembly diagram 
showing a structure of a cover 8 and a base 7 of the 
heat sink H, and a manner of assembling according 
to a sixth embodiment of the present invention. The 
fan assembly 2 is installed at the center of the heat 
sink H in the embodiment as explained in Figs. 8 to 
10. Contrary to this, the fan assembly 2 is disposed 
offset to one of the side of the heat sink H from the 
center in this embodiment 

The base 7 has radiating fins 6. upright bars 7a 
at the four corners, and a windbreak wall 7b. The 
windbreak wall 7b is disposed at the side to which the 
fan assembly 2 is offset, shielding the side between 
the upright bars 7a. Figure. 26 is a perspective plan 
view of the assembled heat sink H with the screw 32 
having the cover 8 and the base 7 in Fig. 25. 

The reason why the fan assembly 2 is offset from 
the center of the heat sink H is to increase the cooling 
efficiency of the heat sink H by decreasing the dis- 
tance from the heat producing part and the heat ra- 
diating part. When the fan assembly 2 is disposed at 
the center of the heat sink H, the center of the heat 
producing element 3 cannot be exposed by the cool- 
ing air generated by the rotation of the fan blade 2a. 
Contrary to this, when the fan assembly 2 is disposed 
offset from the center of the heat sink H. the center 
of the heat producing element 3 can be directly ex- 
posed by the cooling air generated by the rotation of 
the fan blade 2a. 

Further, an internal temperature rise of a bearing 
in the fan motor 2b of the fan assembly 2 is sup- 
pressed when the fan assembly 2 is disposed offset 
from the center of the heat producing part. As a result, 
a deterioration of the grease in the bearing is sup- 
pressed to increase the life and reliability of the fan 
assembly 2. 

The existence of the windbreak wall 7b increases 
the cooling effect of the cooling air 10 flowing to the 



center of the heat sink H. 

Figure 27 is a perspective assembly diagram 
showing a structure of a cover 8 and a base 7 of the 

5 heat sink H, and a manner of assembling according 
to a seventh embodiment of the present invention. 
The fan assembly 2 is disposed offset to one of the 
side of the heat sink H from the center thereof in the 
sixth embodiment as explained in Figs. 25 and 26. 

10 Contrary to this, the fan assembly 2 is disposed offset 
to one of the corner of the heat sink H from the center 
thereof in the seventh embodiment as shown in Fig. 
27. 

The base 7 has radiating fins 6. upright bars 7a 
15 at the four corners, and a windbreak wall 7b. One of 
the bar 7a to which the fan assembly 2 is offset has 
a circular arc concave face and both sides thereof are 
extended to form a windbreak wall 7b. The windbreak 
wall 7b in this embodiment also makes the flow of the 
20 cooling air 10 efficient. Fig. 28 is a plan view of the 
assembled heat sink H with screws 32 having the 
cover 8 and the base 7 In Fig. 27; 

Figure. 29 is a partially cutaway view in perspec- 
tive of a modified embodiment of the base 7 in Fig. 27. 
25 In this embodiment, a space is formed by excavating 
an upper bottom face of the base 7 under the position 
of the fan assembly 2 where no radiating fins 6 are 
disposed. The space has a first stage part 7c which 
is a shallow recess and a second stage part 7d which 
30 is a deeper recess. The first stage 7c is formed under 
the fan motor 2b of the fan assembly 2 and under the 
half part of the trace path of the fan blade 2b. and the 
second stage 7d is formed under the other half part 
of the trace path of the fan blade 2b. 
35 The first stage 7c and the second stage 7d may 

be formed on the base in the sixth embodiment ex- 
plained in Figs. 25 and 26. The first stage 7c and the 
second stage 7d decreases the air pressure loss due 
to the existence of the windbreak wall 7b by enlarging 
40 the space for the cooling air 10 to flow. 

Figure 30Ais a plan view showing a modKication 
of the base 7 in Fig. 27 wherein a distribution of the 
radiating fins 6 are changed. The radiating fins 6 are 
arranged densely around the center of the base 7 and 
45 are arranged less densely around the side of the 
base 7. When the base 7 has such an arrangement 
of the radiating fins 6. cooling efficiency is increased 
at the center part of the heat sink H by the number of 
radiating fins 6. and air pressure loss is decreased at 
50 the side of the heat sink H by the space between the 
fins 6. As a result, the cooling efficiency of the heat 
sink H will be increased without decreasing the 
amount of air flow generated by the fan assembly 2 
installed in the heat sink H. 
55 Figure 30B is a sectional view taken on line Y-y 

in Fig. 30A explaining the structure of the stages 7c 

and 7c, . . 

Figures 31A and 318 are a plan view and a sioe 
view showing a modified embodiment of the cover 
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according to the seventh embodiment of the heat sink 
H in Fig, 27. The cover 8 in this embodiment has a 
plurality of radiating pins 8d on the top face thereof 
as explained in Fig. 20Aand 20B embodiment. The ra- 5 
diating pins 8d in this embodiment are formed by de- 
creasing the thickness of the cover 8 making the total 
thickness of the cover 8 equal to that of the cover 8 
in Fig. 8. The cover 8 is cooled effectively with the ra- 
diating pins 8d on the top face thereof. 10 

Note, the structure of making grooves 8c on the 
top face of the cover 8 as explained in Figs. 17A to 
19B. and the structure making radiating pins 8e on 
the bottom face of the cover 8 can be effectively ap- 
plied to the sixth and the seventh embodiment in 15 
which the fan assembly 2 is disposed offset from the 
center of the heat sink H as explained above. Further, 
the arrangement of the radiating fins 6 as explained 
in Fig. 30A is not limited by the embodiment, and the 
arrangement of the radiating fins 6 are changeable in 20 
accordance with the capacity of the fan assembly 2 
and the shape of the fan blade 2a to increase the 
cooling efficiency. 

Figure 32A and 32B show an example of a way 
of fitting the heat sink H to the heatproducing element 25 
3 disposed on the printed board 17. In the embodi- 
ment as shown in Fig. 32A, shoes 43 for mounting the 
heat sink H on the heat producing element 3 are sol- 
dered to the printed board 17. Each shoe 43 has an 
L-shaped cross section. A fixing spring bar 44 is at- 30 
tached to the shoes 43. to push the heat sink H 
against the heat producing element 3. 

Figure 328 shows another example of a manner 
of fitting the heat sink H to the heatproducing element 
3. A fixing dip 45 is formed as a channel-shape and 35 
has ends 45a. The heat sink H is mounted on the heat 
producing element 3 by the pressing force of the fix- 
ing dip 45. A plurality of the dips 45 are used to fix 
the heat sink H to the heat producing element 3. Nu- 
meral 3a denotes an I/O pin of the heat producing ele- 40 
ment 3. 

Further. Figs. 33Ato 33F show another example 
of fitting the heat sink H to the heatproducing element 
3 by using a heat sink f bcture 28. The heat sink fixture 
28 has a level segment 26 having a fin hole 26a and 45 
a L-shaped pressing segment 27 extended from the 
level segment 26 as shown in Fig. 33C. The size of the 
fin hole 26a is as large as the pin-like radiating fin 6 
projected on the fixing wall 4 of the base 7 for pene- 
trating therein as shown in fig. 338. so 

The fin hole 26a of the heat sink fbcture 28 is first 
penetrated by the radiating fin 6 with the pressing 
segment 27 bent. The heat sink fixture 28 is then 
moved and pressed until the pressing segment 27 
clips the bottom face of the heat producing element S6 
3. After the fitting of the heat sink fixture 28. the heat 
sink H is mounted on the heat producing element with 
pressure by the heat sink fixture 28. 

Note that, the fin hole 26a provided on the level 



segment 26 of the heat sink fixture 28 may be be cut 
by a notch part 26b having a narrower distance than 
a diameter of the hole 26a as shown in Fig. 33D, 
When the fin hole 26a has the notch part 26b, it is 
easy to mount the heat sink H on the heat producing 
element 3 by using the heat sink fixture 28, since the 
distance of the notch part 26b is enlarged by pressing 
the heat sink fixture 28 to the direction of the radiating 
fin 6 as shown by an arrow in Fig. 33D. 

Further, the the heat sink fixture 28 may have a 
parallel shape having a plurality of holes 26a or holes 
26a with notch parts 26b as shown in Figs. 33E and 
33F. 

In Fig. 10, the lead 34 is used to supply electricity 
to the fan motor 2b of the fan assembly 2. In Fig. 34, 
a power supply terminal 1 8 protrudes from the bottom 
side of the heat sink body 1. The terminal 18 is sol- 
dered to the printed board 17, to supply electridty to 
the fan motor 2b of the fan assembly 2. The terminal 
1 8 may be attached to t he printed board 1 7 according 
to a surface mounting technique or a through hole 
technique. Numeral 46 in Fig. 34 denotes internal cir- 
cuit in the heat sink body 1 , 47 denotes a fan drive cir- 
cuit, and 48 denotes a controller. 

Figure 32 shows still another example of a man- 
ner of fitting the heat sink H to the heat producing ele- 
ment 3. In this embodiment, power supply units 19 
such as pads and contacts are disposed on the heat 
producing element 3 and connected to power source 
pads 1 7a of the printed board 1 7. The heat sink H has 
power supply terminals 18, which are connected to 
the power supply units 19, to supply electricity to the 
fan assembly 2. 

Figure 36 shows a controller 48 for controlling the 
ON/OFF operation or rotational speed of the fan as- 
sembly 2. The controller 48 comprises a fan driving 
circuit 47 and a switch 36. The fan driving circuit 47 
comprises a Hall element 49, a comparator circuit 50, 
a switching element 51 such as a switching transistor, 
and a coil 36a. In Fig. 37. a temperature sensor 20 
such as a thermocouple or thermistor is embedded 
in the fixing wall 4 of the heat sink body 1. The tem- 
perature sensor 20 provides the switch 53 with an 
ON/OFF signal. The switch 53 may comprise a tran- 
sistor, a reed switch, or a relay. 

Figure 38 shows a rotational speed controller for 
the fan assembly 2. The rotational speed controller 54 
is disposed between the switching element 51 and 
the comparator circuit 50 of the fan driving circuit 47. 
The rotational speed controller 54 has an oscillator 
whose number of oscillations corresponds to an out- 
put of the temperature sensor 20, thereby controlling 
the rotational speed of the fan assembly 2. 

Figure 39 shows a controller 48 for monitoring a 
rotational speed. The controller 48 indudes a rotation- 
al speed monitor circuit 52 having a pulse generator. 
The pulse generator generates pulses in response to 
the rotational speed of the fan assembly 2. Note that 
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the controller 48 may be disposed in the fan assembly 
2 or on a separate board. 

Further above-described rotational speed con- 
trol of the fan assembly 2 can be realized in various 5 
ways The control in Fig. 40A shows that the fan as- 
sembly 2 began to rotate when the temperature be- 
came a predetermined value T. The control in Fig. 40B 
shows that the fan assembly 2 rotates slowly when 
the temperature is lower than the value T and the fan to 
assembly 2 rotates faster when the temperature is 
equal or larger than the value T 

Figures 41 to 43 show an application of the pres- 
ent invention where the heat sink H is used in a port- 
able electronic apparatus such as a notebook-type 15 
personal computer. The portable electronic apparatus 
has a printed board 17 and a drive unit 56 such as a 
floppy disk drive or a hard disk drive in its cas'^S 21- 
A heat producing element 3 such as an MPU (Mi- 
cro Processing Unit) and other electronic parts 55 are 20 
mounted on the printed board 17. The liquid crystal 
display unit 57 is also disposed on the casing and is 
able to swing as shown by an arrow in Fig. 41 

A keyboard assembly 23 is disposed above the 
printed board 1 7 and is connected to the printed board 25 
17 by a flat cable 58. Reference 59 denotes a con- 
necter for connecting the flat cable 58. 

The keyboard assembly 23 is. as is well-known to 
public, composed of a plurality of key tops 23a ar- 
ranged in matrix above the housing thereof which .s 30 
made of a synthetic resin. A reinforcing plate 22 made 
of aluminum is disposed under the housing covenng 
the full bottom face thereof for Increasing the stiff- 
ness of the whole body. . 

The heat sink H for cooling the heat producing 35 
element 3 mounted on the printed board 17 formed 
by fixing the cover 8 on the base Installing the fan as- 
sembly 2 as shown in Fig. 42. A surrounding wall 24 
is disposed on the whole edge of the cover 8. and an 
upper edge of the surrounding wall 24 is contacted to 40 
the bottom face of the reinforcing plate 22. 

Figure 43 shows a plurality of cooling air venhla- 
tion holes 25 disposed on the reinforcing plate 22 cor- 
responding to the posiUon of the fan assembly 2. The 
cooling air 10 is forcibly drawn into the casing 21 
through the cooling air ventilaOon holes 25. 

As explained above, the heat sink H of the pres- 
ent invention has a good cooling efficiency o't^e h^^t 
producing element, so that the heat sink H of the 
present invention can be effectively used for the port- 50 
able electronic apparatus having a limitation of the in- 
ternal space. 



Claims 

1 A heat sink (H) for cooling a heat producing ele- 
ment (3) mounted on a printed board (17) as a cir- 
cuit parts of the electronic apparatus, producing 
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a large amount of heat during the operation com- 
prising a heat sink body (1) made of a material 
having a good heat conductivity, including a fix- 
ing wall (4) directly mounted on the heat produc- 
ing element (3), characterized in that 

a fan assembly (2) is installed in an inter- 
nal space of the heat sink body (1). including a 
drive (2b) and a fan blade (2a) fixed on the rotat- 
ing shaft of the drive (2b); and 

the fixing wall (4) is forcibly cooled by a 
cooling air (10) generated by the rotation of the 
fan blade (2a) when the device (2b) is operated. 

2. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 1, wherein 

the heat sink body (1) further includes a 
•top plate (29) supported by the fixing wall (4) or 
upright bars (7a) protruding from four corners of 
the fixing wall (4). a ventilation path (5) formed 
between the top plate (29) and the fixing wall (4) 
opening to the side of the heat sink body (1 ). and 
a circular recess (30) for receiving the fan assem- 
bly (2) formed at the center part of the top plate 
(29). 

3 A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 2. wherein 

a plurality of comb-like heat radiating fins 
(6) are disposed on the top face of the f ixing wall 
(4) and of the top plate (29). 

4 A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 2. wherein 

the top plate (29) is divided into four rec- 
tangular sections, a diagonally facing pair among 
the four sections is opened with square openings 
(29a). the other pair is closed with lids (29b). 
each edge of the top plate (29) are extended to a 
lower direction along the periphery of a fixing wall 
(4) to form a side wall (29d). and a pair of corners 
corresponding to the closed sections with the lids 
(29b) have each a opening (29c) opens into the 
ventilation path (5). 

5 A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 1. wherein 

the heat sink body (1) includes a base (7) 
and a cover (8). a fan assembly (2) te disposed on 
the center of the base (7), pin-like radiating fins 
6 are disposed upright around a center space for 
the fan assembly (2), bars (7a) for suPPO^^^S ^he 
cover (8) are disposed at four corners of th base 
(7) respectively, a center hole (8a) is 
Ihlcen'terof the cover(8). -d a vertical pa on 
(9) extended downward from a penph ry ot tn 
hole (8a) for surrounding the fan assembly (2) 
when the cover (8) is fixed on the base 
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6. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 5, wherein 

a lead hole (33) and a lead groove (33a) 
are pormed on the bottom of the base (7) for re- 
ceiving a lead (34) for supplying a power to the 
fan assembly (2). 

7. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 1. wherein 

the heat sink body (1) includes a base (7) 
and a cover (8), a fan assembly (2) is attached on 
the bottom face of the cover (8). a vertical parti- 
tion (9) is disposed on the bottom face of the cov- 
er (8) for surrounding the fan assembly (2), open- 
ings (41) for passing a cooling air generated by 
the fan assembly (2) are disposed on the cover 
(8), pin-like radiating fins 6 are disposed on the 
upper face of the base (7), and bars (7a) for sup- 
porting the cover (8) are disposed at four corners 
of the base (7) respectively. 
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corners of the cover (8). one face of the projec- 
tion (42) is formed as a circular arc concave face 
(15) having the same center as the center of the 
cover (8). a fastening segment (16) correspond- 
ing to the guide groove (14) is disposed at each 
end of the pole, a protruding portion (15a) for fit- 
ting the hollow notch (13a) of the base (7) is dis- 
posed on the middle part of each circular arc con- 
cave face (15). and the cover (8) is fixed on the 
bar (7a) of the base (7) by rotating the cover (7) 
with its protruding portion (15a) engaged to the 
guide groove (1 4) of the base (7). 
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1 2. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 5. 6. 7, 8, 9. 10, or 
11, wherein 

cooling grooves (8c) connecting th edge 
of the hole (8a) and one of the side of the cover 
20 (8) are disposed on the upper face of the cover 

(8). 



8. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 7, wherein 

the fan assembly (2) ^aws the air from 25 
the openings (41) and corners of the openings 
(41) are formed round. 

9. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 5, 6, 7, or 8, where- 30 
in 

the cover (8) is fixed on the bars (7a) of 
the base (7) by using screws (32). 

10. A heat sink (H) for cooling the heat producing ele- 35 
ment (3) as set forth in claims 5, 6, 7, or 8. where- 
in 

a fasten pin (11) having a head (11a) is dis- 
posed on each of the top faces of the bars (7), a 
fasten hole (12) is disposed at each of the four 40 
corners of the cover (8), a guide channel (12a) 
having a narrow part (12b) is disposed connect- 
ing the hole (12) and one of the edge of the cover 
(8). and the cover (8) is fixed on the bar (7a) of 
the base (7) by rotating the cover (7) with en- 45 
trances of the guide channels (12a) facing to the 
fasten pins (11). 

11. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 5, 6. 7. or 8. where- 50 
in 

a circular arc convex face (13) having the 
same center as the center of the cover (8) is 
formed at each end of the bars (7a). a guide 
groove (14) is disposed at each base part of the 55 
circular arc convex face (1 3), a hollow notch (1 3a) 
is disposed on the middle part of each circular arc 
convex face (13). a triangular shaped projection 
(42) is disposed at each bottom face of the four 
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1 3. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 5, 6. 7, 8. 9. 10. or 

11. wherein 

radiating pins (8d) are disposed on the up- 
per face of the cover (8). 

1 4. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 5.6.7,8,9, 10, 11, 

12, or 13, wherein 

radiating pins (8e) are disposed on the 
bottom face of the cover (8) so as to be positioned 
in the space surrounded by the radiating fins (6) 
when the cover (8) is fixed on the base (7), 

1 5. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 1. 2, 3, 4, 5, 6, 7. 
8. 9. 10, 11, 12, 13, or 14, wherein 

the fan assembly (2) is installed in the heat 
sink body (1) whose rotating shaft is disposed at 
the center of the heat sink body (1). 

1 6. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 1, 2, 3, 4, 5. 6, 7. 
8, 9, 10, 11. 12. 13, or 14. wherein 

the fan assembly (2) is installed in the heat 
sink body (1) whose rotating shaft is disposed off- 
set from the center of the heat sink body (1). 

1 7. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 16, wherein 

the heat sink body (1) is rectangular, and 
the roataing shaft of the fan assembly (2) is offset 
in the derection perpendicular to one of the side 
of the heat sink body (1). 

1 8. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 17, wherein 
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the one of the side of the heat sink body 

(1) to which the rotating shaftof the fan assembly 

(2) is offset is closed by a windbreak wall (7b). 

19. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 16, wherein 

the heat sink body (1) is rectangular, and 
the roataing shaft of the fan assembly (2) is offset 
in the derection to one of the corner of the heat 
sink body (1). 

20. Aheat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claim 19, wherein 

windbreak walls (7b) are formed for a pre- 
determined length by extending outer faces of 
the bar (7a) disposed at one of the corner of the 
base (7) to which the rotating shaft of the fan as- 
sembly (2) is offset. 

21. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 18 or 20. wherein 

a space for decreasing an air-pressure 
loss under the fan assembly (2) is formed on an 
upper bottom face of the base (7) under the pos- 
ition of the fan assembly (2) by making a stage 
(7cjd) having a different depth. 

22. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 5. 6. 7, 8, 9, 10.11, 
12. 13, 14, 15. 16. 17. 18, 19. 20, or 21, wherein 

a arrangement of the radiating fins (6) dis- 
posed on the upper bottom face of the base (7) 
are dense around the center of the base (7) and 
are non-dense around the side of the base (7). 

23. Aheat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 1 , 2. 3, 4, 5, 7. 8, 
9. 10, 11, 12, 13. 14. 15, 16, 17. 18. 19. 20. 21. or 
22, wherein 

power supply terminals (18) are disposed 
on the lower bottom face of the heat sink body (1 ), 
and power sipply to the fan assembly (2) is exe- 
cuted via the power supply terminals (18). 

24. A heat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 1, 2, 3. 4, 5. 6, 7, 
8. 9. 10. 11, 12, 13. 14, 15, 16, 17, 18. 19. 20, 21, 
22, or 23. wherein 

a temperature sensor (20) is disposed on 
the fixing wall (4) of the heat sink body (1), and 
the fan assembly (2) is ON/OFF contolled by the 
output signal from the temperature sensor (20). 

25. Aheat sink (H) for cooling the heat producing ele- 
ment (3) as set forth in claims 1. 2, 3, 4, 5, 6, 7, 
8, 9. 10. 11, 12, 13. 14. 15. 16, 17, 18. 19. 20. 21. 
22, or 23, wherein 

a temperature sensor (20) is disposed on 



the fixing wall (4) of the heat sink body (1). and 
a rotation speed of the fan assembly (2) is con- 
tolled by the output signal from the temperature 
5 sensor (20). 

26. A heat sink (H) as set forth in claim 1 . applied to 
a portable electronic apparatus having a key- 
board assembly (23) equipped with a reinforcing 

10 plate (22) on the bottom thereof and installed in 

a casing (21). and a printed board (17) having a 
heat producing element (3) on the upper face 
thereof and disposed under the keyboard assem- 
bly (23). wherein 

15 a surrounding wall (24) whose upper edge 

contacts to a bottom face of the reinforcing plate 
(22) is disposed on every edge of the heat sink 
(H) mounted on the heat producing element (3). 
and ventilation holes (25) for passing a cooling air 

20 of the heat sink (H) are disposed on the reinforc- 

ing plate (22). 

27. A heat sink (H) as set forth in claims 1.2.3. 4, 5, 
6, 7, 8. 9. 10, 11. 12. 13. 14. 15. 16, 17, 18. 19. 

25 20. 21 , 22, 23. 24, or 25. applied to a printed board 

(17) having at least one pair of L-shaped shoes 

(43) with its level part bent outside, and a heat 
producing element (3) is mounted on the printed 
board (17) between the pair of the shoes (43). 

30 further comprising a fixing spring bar (44) formed 

as a separate member, and the fixing spring bar 

(44) is attached to the shoes (43) overpassing the 
heat sink body (1) with pressure thereby the heat 
sink (H) is mounted on the heat producing ele- 

35 ment (3). 

28. A heat sink (H) as set forth in claims 1.2,3,4.5, 
6, 7, 8, 9. 10. 11. 12, 13. 14. 15. 16, 17, 18. 19, 
20, 21, 22, 23, 24. 25. or 26, further comprising 

40 a U-shaped fixing spring dip (45) having contact 

segments (45a) at both ends formed as a sepa- 
rate member, wherein 

the heat sink (H) is mounted to the heat 
producing element (3) by dipping the heat sink 

45 body (1 ) and the heat producing element (3) with 

a spring force of the dip (45). 

29. A heat sink (H) as set forth in daims 7, 8. 9, 10. 
11. 12. 13. 14, 15. 16, 17. 18, 19. 20. 21. 22. 23, 

50 24, or 25. wherein a pin-like radiating fins (6) are 

disposed on the top face of the base (7), further 
comprising: 

a heat sink fixture (28) having a level seg- 
ment (26). a fin hole (26a) for inserting the radh 

55 ating fin (6). and a L-shaped pressing segment 

(27) extended from the level segment (26) for 
pressing a bottom face of the heat producing ele- 
ment (3) to mount the heat sink (H) on the heat 
produdng element (3) dipping with the level seg- 

11 
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ment (26) and the pressing segment (27). 

I. A h at sink (H) as set forth in claim 29, wherein 

the level segment (26) has a notch part 5 
(26b) for opening the side of the fin hole (26) to 
the side space thereof, and the radiating pin (6) 
is inserted to the fin hole (26a) by enlarging the 
not<j^S:^part (26b). 
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Fig. 9B 
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Fig. /3 
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Fig. i4A 
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Fig. 15 
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Fig. 16A 
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Fig. 1 7 A 
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Fig. i8A 
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Fig. i9A 
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Fig. 20 A 
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Fig. 21 
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Fig. 25 A 
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Fig. 24 A 
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Fig. 26 
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Fig. 50 A 
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Fig. 51 A 
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Fig. 55 B 
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Fig. 34 
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Fig. 58 
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